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Preface 
 

Purpose of this plan 
 

In recent years, the County of Louisa (the ñCountyò) has experienced wireless telecommunication 

infrastructure growth.  Such growth requires additional elevated wireless antennas and base station 

ground equipment.  In accordance with Federal Communications Commission (FCC) guidelines, the 

County has developed a wireless telecommunications ordinance to regulate new antenna-support 

structure construction.   

 

In conjunction with the ordinance development process, the County is developing a Wireless 

Telecommunications Master Plan (the ñMaster Planò) to analyze current demand for wireless 

telecommunications services within the County, and to establish guidelines for growth as it impacts 

the County and its citizens into the future.   

 

The purpose and intent of the Master Plan is similar to the goals and objectives of other long-range 

plans, such as roadway improvements and the extension of water and sewer lines. The Master Plan 

combines the land use planning strategies with the industry-accepted radio frequency (RF) 

engineering standards to create an illustrative planning tool that complements zoning regulations.  

The Master Plan offers strategies to reduce tower infrastructure by improving efforts to morph 

wireless deployments from various service providers, thereby minimizing tower proliferation by 

increasing shared sites.    

 

The Master Plan includes the following: 

 

 An inventory of existing antenna-supporting structures and buildings upon which wireless 

antennas are currently mounted. 

 

 Analysis of reasonably anticipated wireless facility growth over the next ten years. 

 

 Engineering analysis of potential coverage based on County-regulated height restrictions and 

other locations and design criteria. 

 

 Recommendations for managing the development of wireless structures for the next ten 

years. 

 

CityScape Consultants, Inc. 

 

CityScape Consultants, Inc. is a land use planning, legal and radio frequency engineering consulting 

firm located in Boca Raton, Florida and Raleigh, North Carolina. CityScape specializes in 

developing land use strategies to control the proliferation of wireless infrastructure, affording the 

maximum continuing control of local governments, while maintaining compliance with the 

Telecommunications Act of 1996.  
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Many communities are concerned about the proliferation of telecommunications tower build-outs 

from the standpoint of aesthetics, time involved in the review and fair deployment of these facilities, 

public safety issues, and the legal implications of upholding both the public and private interests 

involved.  Most communities are dealing with tower growth in an ad hoc manner, which is the most 

expensive and perilous way to manage expansions to existing wireless telecommunications 

networks. 

 

Implementation of a Master Plan simplifies and economizes the process. The Master Plan offers 

numerous benefits to the local government and its citizens, as well as the carriers who participate. 

 

A comprehensive Master Plan includes: 

 Review and revision (if necessary) of existing ordinances and code to encourage all present 

and future wireless service providers to participate in a Master Plan by working with 

CityScape to ascertain their current and future service needs;  

 Development of a comprehensive telecommunications network for the local government;  

 Minimizing the total number of telecommunications towers and/or sites within the local 

government;  

 Ensuring the local government's compliance with the Telecommunications Act of 1996 (as 

amended); and 

 Correlation of industry data together with the local governmentôs publicly owned sites to 

develop a Master Plan for wireless telecommunications facilities.  
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Chapter 1 The Telecommunications Industry 

 

Introduction  
 

Telecommunications is the transmission, emission or reception of radio signals, digital images, 

sound bytes or other information, via wires and cables, or via space, through radio frequencies, 

satellites, microwaves, or other electromagnetic systems. Telecommunications includes the 

transmission of voice, video, data, broadband, wireless and satellite technologies and others. 

 

One-way communication for radio and television utilizes an antenna to transmit signals from the 

broadcast station antenna to the receiving devices found in a radio or television.   

 

Traditional landline telephone service utilizes an extensive network of copper interconnecting lines 

to transmit and receive a phone call between parties.  Fiber optic and T-1 data lines increases the 

capabilities by delivering not only traditional telephone, but also high-speed Internet and, in some 

situations cable television, and is capable of substantially more. The new technology involves an 

extensive network of fiber optic lines sited in above- and below-ground locations.  

   

Wireless telephony, also known as wireless communications, includes mobile phones, pagers, and 

two-way enhanced radio systems and relies on the combination of landlines, cable and an extensive 

network of elevated antennas, typically found on communication towers, to transmit voice and data 

information.  This technology is known as the first and second generation (1G and 2G) of wireless 

deployment. 

 

Third, fourth and fifth generations (3G, 4G and 5G) of wireless communications will include the 

ability to provide instant access to e-mail, Internet, radio, video, TV, mobile commerce, and Global 

Positioning Satellite (GPS), in one handheld, palm pilot type wireless telephone unit. Successful use 

of this technology will require the deployment of a significant amount of infrastructure, i.e. elevated 

antennas on above-ground structures such as towers, water tanks, rooftops, signage platforms, and 

light poles. 

 

The recent evolution of telecommunications began in the 1800ôs and continues to evolve at a very 

fast pace.  Figure 1 identifies some of the most significant telecommunication benchmarks over the 

past 160 years.   

 



   

7 

 

 

Figure 1: Telecommunication Timeline 

 

Wired telephone networks 

 

When the traditional wired, landline telephone networks were introduced in the United States, the 

first systems were built in largely populated cities where the financial return on the infrastructure 

investment could be quickly maximized.  Telephone lines were installed alongside electrical power 

lines to maximize efficiency.  As the technology improved the service was expanded from coast-to-

coast.  Figure 2 illustrates the wired, landline network system. 

 

 

 

Figure 2: Wired Voice Network Systems 
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Wireless telephone networks 

 

Wireless telephone networks operate utilizing wireless frequencies similar to radio and television 

stations. To design the wireless networks, radio frequency engineers overlay hexagonal cells 

representing circles on a map creating a grid system.  These hexagons or circles represent an area 

equal to the proposed base station coverage area.  The center of the hexagon pinpoints the theoretical 

ñperfect locationò for a base station.  These grid systems are maintained by each individual wireless 

providerôs engineering department, resulting in nine different grid systems in the County.   

 

During the 1980ôs, the first generation of 800 MHz band cellular systems was launched nationwide. 

Similar to the deployment strategy for the landlines, the 800 MHz systems were first constructed in 

largely populated areas.  Some networks in rural areas remain underdeveloped. Originally, the 800 

MHz band only supported an analog radio signal.  Customers using a cell phone knew when they 

traveled outside of the service area because a static sound on the phone similar to the sound of a 

weak AM or FM radio station was heard through the handset.  Recent technological advancements 

now allow 800 MHz systems to also support digital customers, which allowed the networks an 

increased number of transmissions per site. 

 

The 1990ôs marked the deployment of the 1900 MHz band Personal Communication Systems (PCS).  

This second generation of wireless technology primarily supports a digital signal, which audibly can 

be clearer than the analog signal, but this comes with additional trade-offs.  The technology of 2G 

includes a static free signal, and although with a higher rate of disconnects or dropped calls, it does 

allow for more services such as paging devices, and the ability to send text messaging through the 

handset unit.  Deployment of 2G also targeted largely populated areas with secondary services to 

much of rural America resulting in limited or no PCS coverage. 

 

In addition to 800 MHz cellular services and 1900 MHz PCS services, there are additional wireless 

providers utilizing services in the 800 and 900 MHz frequency range.  This service is called 

Enhanced Specialized Mobile Radio (ESMR).  The largest ESMR band provider is Nextel 

Communications.  All three of these ñtelephoneò operations (800, 900 and 1900 MHz) are 

specifically covered, along with some other services, in the Telecommunications Act of 1996. 

 

Wireless infrastructure 

 

Wireless communication facilities are comprised of four main apparatuses: 1) an antenna support 

structure; 2) antenna or antenna array; 3) feed lines; and 4) an electronic base station.   

 

Antenna support structures  

 

A variety of structures can be used as an antenna support structure, such as towers, buildings, water 

tanks, existing 911 tower facilities, tall signage and light poles, provided that; 1) the structure is 

structurally capable of supporting the antenna and the feed lines, and 2) there is sufficient ground 

space to accommodate the base station and accessory equipment used in operating the network. 

Antenna support structures can also be camouflaged in some circumstances to visually blend-in with 

the surrounding area.  Figure 3 provides examples of several antenna support structures.  The 

flagpole and light standard are camouflaged towers.  The antennas are flush-mounted onto a 



   

9 

 

monopole and a fiberglass cylinder is fitted over the antenna concealing them from view.  The bell 

tower is a camouflaged lattice tower.  The antennas are hidden above the bells and behind the 

artwork at the top of the structure.   

 

 

         

 

 

Figure 3: Examples of Base Stations 

Monopole Lattice Tower Guyed Tower 

Tank Mount Rooftop Mount Signage 

Concealed Flagpole Concealed Tower Concealed Light 
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Antennas and antenna arrays 

 

Antennas can be a receiving and/or transmitting facility.  Examples and purposes of antennas 

include: an omni-directional (whip) antenna or grouped antennas, to transmit and/or receive two-way 

radio, Enhanced Specialize Mobile Radio (ESMR), cellular, Personal Communications Service 

(PCS), or Specialized Mobile Radio (SMR) signals; and single sectionalized or sectionalized panel 

antenna array for transmitting and receiving cellular, PCS or ESMR wireless telecommunication 

signals.   

 

 

                               
     

 
 

 

The antenna can also be concealed.  Concealment techniques include: faux dormers; faux chimneys 

or elevator shafts encasing the antenna feed lines and/or equipment cabinet; and painted antenna and 

feed lines to match the color of a building or structure.  A concealed attached facility is not readily 

identifiable as a wireless communications facility (WCF). Examples are shown in the pictures 

below.  Concealed antennas are indicated with black arrows. 

 

 

              
 

 

Omni-Directional 

Whip Type Antenna 

Sectorized (panel) 

Antenna Array 
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Feed lines and electronic base stations 

 

Feed lines are the cables used as the interconnecting media between the transmission/receiving base 

station and the antenna. 

 

Base stations are the wireless service provider's specific electronic equipment used to transmit and 

receive radio signals, and is usually mounted within a facility including, but not limited to, cabinets, 

shelters, pedestals or other similar enclosures generally used to contain electronic equipment for said 

purpose.    

 

                   
 

The base stations shown in the photograph are typical models for providers operating in the 1900 

MHz frequencies.  The electronics housed within the base station can generate substantial heat, 

especially the equipment used for operating the 800 MHz wireless systems.  Therefore the base 

stations for providers operating in the 800 MHz frequencies are much larger and generally need an 

equipment cabinet a minimum of 400 square feet to house the equipment.   

 

While these base stations can generate sufficient heat, they do not generate noise.  The only noise 

that might be produced from the vicinity of the base station would be from an air conditioner or a 

backup generator which might be necessary during instances of power failure. 

 

Feed lines 

 

 

Base Stations 
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Wireless coverage and antenna mounting elevation considerations 

 

Wireless telecommunication networks are comprised of elevated antenna arrays attached to a base 

station that transmit and receive radio signals allowing wireless telephone handsets to operate 

satisfactorily.  Figure 4 illustrates the wireless telephone network.   

 

 

 

Figure 4: Wireless Voice Network 

 

The radio frequency of the wireless network system, height of the antenna and the location of the 

infrastructure are all important components to a complete network plan.  One set of elevated antenna 

arrays does not provide service to a geographic area independently of other nearby elevated 

antennas, rather, each set of antenna arrays work in unison to provide complete wireless coverage.  

Complete coverage is only attained when the radio signal from one antenna array successfully relays 

or hands-off the radio signal to another antenna array without causing an interruption in service.  

Successful network handoff is only possible when the geographic coverage areas from individual 

antenna arrays properly overlap and when the base station has available capacity.  Geographic areas 

with good site handoff and available capacity will have good wireless coverage and generally 

uninterrupted services. 

 

Generally, the higher the antenna is mounted on the support structure, the larger the geographic area 

that will be served by the wireless signal.  Taller structures may offer more opportunity for 

colocation, which could theoretically decrease the number of additional towers and antennas 

required in an area.  The extent to which height may increase colocation opportunities must be 

verified by an RF engineering review on a case-by-case basis.  High subscriber demand, terrain 

concerns, and/or the build-out plans for some areas may require very low antenna location heights, 

especially in densely populated areas.  Antennas located at a higher level on a facility are more 
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desirable for some terrain and in some rural areas, but in many cases, the wireless providers seek to 

limit the height in more populous areas.   

 

In wireless system evolution, a wireless provider initially built fewer base stations with relatively tall 

antenna-supporting structures to maximize the network coverage footprint.  These initial 1G, 800 

MHz and 900 MHz systems sought to broadcast coverage to large geographic areas with minimal 

infrastructure.  Typically, these tall towers were spaced four to eight miles apart.   

 

By nature, the 1900 MHz frequency band is higher than the 800 MHz band and cannot transmit a 

signal an equal distance.  For the same coverage, these base stations must be closer together.  The 

mounting height of the antenna for 2G was not as critical as 1G, and these towers were shorter.  

 

Network capacity  

 

The number of base station sites in a grid network not only determines the limits of geographic 

coverage, but the number of subscribers (customers) the system can support at any given time.  Each 

carrierôs base station can process as many as 1,000 subscribers per minute as subscribersô transverse 

through particular cell sites, yet at any time an individual carrierôs single cell site can handle 

simultaneously no more than 240 calls (different providers prefer different numbers, 1,000 is an 

average).  This process is referred to as network capacity.  As population and wireless customers 

increase, excessive demand is put on the existing system's network capacity.  When the network 

capacity reaches its limit, a customer will frequently hear a rapid busy signal, or get a message 

indicating all circuits are busy, or commonly be asked to leave a message without hearing the phone 

ring on the receiving end of the call.    

 

As the wireless network reaches design network capacity, it causes the coverage area to shrink, 

further complicating coverage objectives.  Network capacity can be increased several ways.  The 

service provider can shift channels from an adjacent site, or the provider can add additional base 

stations with additional infrastructure.     

 

A capacity base station has provisions for additional calling resources that enhance the networkôs 

ability to serve more wireless phone customers within a specific geographic area as its primary 

objective.  An assumption behind the capacity base station concept is that an area already has plenty 

of radio signals from existing coverage base stations, and the signals are clear.  But there are too 

many calls being sent through the existing base stations resulting in capacity blockages at the base 

stations and leading to no service indications for subscribers when they press the call send button on 

the wireless handset. 

 

Wireless providers 

 

In 1983, the FCC granted licenses to two competing wireless providers to provide cellular coverage 

nationwide.  The early stages primarily were served by the local telephone companies and on a 

national level by companies like Cellular One.  There were many initial problems and growth was 

slow.  Most wireless providers preferred tall towers in the range of 300 to 500 feet to service large 

areas.  There was also a preference for analog services to reach farther, without much concern for 

static.  Due to the difficulty of constructing new facilities, the expansion was costly and challenging.   
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In 1995 and 1996, the FCC auctioned four additional licenses in regional areas to competing wireless 

providers for purposes of building a nationwide digital wireless communication system.  This 

auction produced over $23 billion for the U. S. Department of Treasury. 

 

Wireless infrastructure and local zoning  

 

The location of antennas used for transmitting radio signals and wireless data is critical to attaining 

an optimum functioning wireless telecommunications network.  With the deployment of 1G there 

were only two competing wireless cellular providers, however with the deployment of 2G, and six 

competing PCS providers, the wireless marketplace became furiously competitive.  ñSpeed to 

marketò and ñlocation, location, locationò became the slogans for the competing 1G and 2G 

providers.  The concept of sharing base stations was not part of the strategy as each provider sought 

to have the fastest deployment, so as to develop the largest customer base, resulting in a quick return 

on their cost of deployment.  This resulted in an extraneous amount of new tower construction 

without the benefit of local land use management. 

 

Coincidently, as local governments began to adopt development standards for the wireless 

communications industry, the industry strategy changed again.  The cost associated with each 

provider developing an autonomous inventory of base stations put a financial strain on their ability 

to deploy their networks.  As a result, most of the wireless providers divested their internal real 

estate departments and tower inventories.  This change gave birth to a new industry of vertical real 

estate; and it includes a consortium of tower builders, tower owners, site acquisition and site 

management firms. 

 

No longer was a tower being built for an individual wireless service provider, but for a multitude of 

potential new tenants who would share the facility without the individual cost of building, owning 

and maintaining the facility.  Sharing antenna space on the tower between wireless providers is 

called colocation.   

 

This industry change could have benefited local governments who adopted new tower ordinances 

requiring colocation as a way to reduce the number of new towers.  But, initially  it did not; because 

the vertical real estate business model for new towers is founded on tall tower structures intended to 

support as many wireless providers and other wireless services as possible.  As a result, local 

landscapes became dotted with all types of towers and communities began to adopt regulations to 

prohibit or have the effect of prohibiting wireless communication towers within their jurisdictional 

boundaries.   

 

Wireless deployment came to a halt in many geographical areas as all involved in wireless 

deployment became equally frustrated with the situation.  Second generation wireless providers had 

paid a large sum of money for the rights to provide wireless services, the license agreements 

between the wireless providers and the FCC mandated the networks be deployed within a specific 

time period and local government agencies were prohibiting the deployments through new zoning 

standards. 
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This perplexing situation prompted the adoption of Section 704 of the Federal Telecommunication 

Act of 1996.   

 

Federal Telecommunications Act of 1996 
 

Section 704 of the Federal Telecommunications Act of 1996 (the ñActò) provides local governments 

zoning authority over the deployment of wireless telecommunication facilities subject to several 

specific guidelines.   

 

First, land use development standards may not unreasonably discriminate among the wireless 

providers, and may not prohibit or have the effect of prohibiting the deployment of wireless 

infrastructure.  For example, some communities adopted development standards restricting the 

distance between towers to three miles.  In some geographic locations with sparse populations this 

may have been adequate for 1G deployment; however the laws of physics make it impossible for 2G 

wireless deployments to meet this spacing requirement.  Unknowingly some communities 

inadvertently prohibited the deployment of 2G.    

 

Second, local governments must act on applications for new wireless infrastructure within a 

ñreasonableò amount of time.  If a community adopts a moratorium on new wireless deployment, it 

must be for a limited amount of time, and the community must demonstrate a ñgood-faithò effort to 

resolve outstanding issues during the moratorium time period.  

 

Third, land use policies may be adopted to promote the location of telecommunications facilities in 

certain designated areas; and the Act encourages the use of third party professional review of site 

applications.   

 

Fourth, local government cannot deny an application for a new wireless facility or the expansion of 

an existing facility on the grounds that radio frequency emissions are harmful to the environment or 

to human health (provided federal standards are met by the wireless provider).   

 

Exposure to radio frequency emissions 

 

The FCC has rules and regulations for human exposure to electromagnetic radiation.  

Electromagnetic radiation should not be confused with ionizing radiation.   

 

Ionizing radiation is radiation that has sufficient energy to remove electrons from atoms. This type of 

radiation can be found from many sources, including health care facilities, research institutions, 

nuclear reactors and their support facilities, nuclear weapon production facilities, and other various 

manufacturing settings, just to name a few. Some high-voltage beam-control devices, such as high-

power transmitter tubes can emit ionizing radiation, but this is usually contained within the 

transmitter tube itself. Overexposure to ionizing radiation can have serious effects, including 

cancers, birth deformities and mental illness. 

 

Electromagnetic radiation is non-ionizing radiation, which ranges from extremely low frequency 

(ELF) radiation to ultraviolet light.  Some typical sources of non-ionizing radiation include lasers, 

radio antennae, microwave ovens, and video display terminals (VDT).  However, any electrical 
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appliance or electrical wiring itself emits ELF radiation.  Cellular and PCS installations must 

confirm federal compliance with published standards on RF exposure levels.   

 

Radio frequency radiation attenuates very rapidly with distance from a wireless services antenna, 

and most wireless sites not accompanying broadcast facilities will easily comply. 

 

The RF exposure rules adopted by the FCC are based on the potential for RF to heat human tissue.  

Basically, the level at which human tissue heating occurs has been studied, and rules are set such 

that humans are not to be exposed anywhere near the level that can cause measurable heating.   

 

There have been extensive long-term studies and at best they are inconclusive as to any harmful 

effects.  Debate continues and may never be concluded on whether or not there might be biological 

effects associated with ñnon-thermalò causes, such as magnetic fields.  Based on these findings the 

Federal Government has maintained jurisdiction on such issues. 

 

Base stations 

  

For the cellular and PCS bands, human exposure limitations are given in terms of power density, 

with the unitôs milliwatts per centimeter squared (mW/cm
2
).  The power density associated with a 

cellular/PCS installation may be easily calculated or measured with instruments. 

  

Time averaging is used along with the level measured.  This means that the level must not exceed 

the standard value over any period.  For instance, if the standard calls for a limitation of 1.0 mW/cm
2
 

averaged over 30 minutes, the standard permits a level of 2.0 mW/cm
2,
 for up to 15 minutes, as long 

as this is followed by a 15 minute period of no exposure.  

  

In general, the FCCôs general population/uncontrolled exposure limitation must be used in the 

service, unless it can be clearly demonstrated that unsuspecting persons can be radiated at standard 

levels from a site. 

  

In many cases, no field evaluation is required, since the site is categorically excluded, based on the 

presumption that in its radio service there is no possibility of an excessive RF level if the provider 

certifies such compliance.  For example, facilities on towers with the antennas higher than ten meters 

(32.8 feet) and a power less than 2,000 watts require no further consideration. 

  

In general, single provider installations on towers will be categorically excluded.  Multiple provider 

colocations and very high power sites will require further consideration. 

  

In consideration of how conservative the evaluation method is, an engineer may wish to make actual 

power density measurements.  In almost all cases, those measurements have been far below the 

calculated values.   
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If the site truly does not comply, some alternatives include: 

 Limit the site access such that only authorized personnel can reach the vicinity of the 

antennas.  The applicable standard then becomes the occupational/controlled one. 

 Raise the height of the antennas. 

 Reduce the power. 

 Reposition antennas such that people cannot get in close proximity to them. 

  

In multi-transmitter facilities, it is necessary to evaluate each contributor individually.  Its percent of 

standard figure is computed (or measured), and added together to sum all percentage figures to 

determine the total site exposure. 

 

Phones 

  

In July 2001, the Federal Drug Administration (FDA) issued a Consumer Update on Wireless 

Phones, which stated that "[t]he available scientific evidence does not show that any health problems 

are associated with using wireless phones," while noting that "[t]here is no proof, however, that 

wireless phones are absolutely safe."  

  

The FCC issued a Consumer Information Bureau Publication in July 2001, which stated, "[t]here is 

no scientific evidence to date that proves that wireless phone usage can lead to cancer or other 

adverse health effects, like headaches, dizziness, elevated blood pressure, or memory loss." 

  

Before a wireless phone model is available for sale to the public, it must be tested by the 

manufacturer and certified to the FCC that it does not exceed limits established by the FCC.  

  

One of these limits is expressed as Specific Absorption Rate (SAR).  SAR is a measure of the rate of 

absorption of RF energy in the body.  Since 1996, the FCC has required that the SAR of handheld 

wireless phones not exceed 1.6 watts per kilogram, averaged over one gram of tissue.  

 

Steps one can take to minimize RF exposure from cell phones: 

 Reduce talk time; 

 Place more distance between oneôs body and the source of the RF; and 

 In a vehicle, use the phone with an antenna on the outside of the vehicle.  

 

The FDA stated "[t]he scientific evidence does not show a danger to users of wireless phones, 

including children and teenagers.ò  People who remain concerned about RF exposure may choose to 

restrict their wireless phone use. 
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Third generation wireless 

 

At the onset of this millennium economists and telecommunication forecasters debated the actuality 

of third, fourth and fifth generations of wireless coming to fruition in the United States.  Skepticism 

that customers would have little demand for the emerging wireless services appeared in articles and 

newsrooms, while others recognized the infrastructure in the United States was significantly behind 

schedule as compared to European and Asian deployments.  Predictions were that consumers would 

demand 3G products once network upgrades were completed.  The upgrades for 3G to 800 MHz and 

1900 MHz infrastructure has been accomplished primarily through software improvements at 

existing base stations.  Third generation has come to fruition and wireless handsets available in late 

2006 and 2007 are 3G compatible. 

 

Third generation handsets feature text messaging, which is similar to e-mail.  The messages are 

usually direct phrases with minimal words.  Wireless customers can send text messages through the 

wireless handset and the message can be delivered anywhere at any time.  Text messaging can 

operate on 800, 900, 1900, and 2100 MHz networks.    

 

At the turn of this century there were one billion messages sent per day globally.  Every digital 

phone that is sold today in the United States has messaging capability.  In 2005 European providers 

reported that 15 percent of the providersô revenue derived from text messaging. The growth of text 

messaging in the United States will undoubtedly lead to a greater demand for wireless facilities 

because the additional spectrum use for text messaging will create a system capacity demand for 

providers.   

 

Third generation handsets are not just limited to voice and short data text messaging capabilities.  

Most handsets include built-in cameras, access to internet web browsers and the ability to download, 

store, and play music files.  Most handsets now have built-in camera and video camera features, and 

certain handsets offer Microsoft Word 5.0.  Figure 5 illustrates the Nokia N93 and Samsung 

Blackjack handsets as examples of the 3G handset capabilities. 
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Figure 5: 3G Wireless Phone and Related Services 
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Future wireless generations 

 

While at last the United States is starting to experience firsthand the handset features of 3G, other 

parts of the world are being introduced to 4G.  Proving to early skeptics that while the deployment of 

wireless services in the United States have slowed down, the 3G services will continue to evolve and 

be sold here and abroad.  The article below explains the type of wireless services now being 

promoted in Asia, which will eventually be promoted in the United States. 

 
 ñAt a Telecom Asia exhibition in Hong Kong in 2004, Samsung showed for the first time its 

M400 handset. Based on Pocket PC 2002 Phone Edition, the device runs on CDMA 2000 1x 

EvDO (Evolution Data Only) networks, which are in commercial service in South Korea and 

offer data transmission at speeds of up to 2.4M bps. Features of the phone, which is based on 

an Intel Corp. XScale processor running at 400MHz, include a display capable of showing 

65,000 colors, voice recognition and a text-to-speech engine, a TV tuner and GPS (Global 

Positioning System)ò. (ITworld.com 12/26/02, Samsung's i330 Palm OS Cell Phone Debuts.  

Martyn Williams, IDG News Service, Tokyo Bureau).   

 

This same technology was introduced in the United States in January of 2006 at the Consumer 

Electronics Show in Las Vegas. 

 

In Japan the DoCoMo D903iTV wireless phone by Foma has a built-in digital television and can 

record up to 160 minutes of viewing time.  The television has access to all of Japanôs top TV 

channels and serves as the remote control for certain television models.  The phone acts as a mobile 

credit card and has a built-in GPS service not only to find where oneôs going but also to locate the 

missing handset if lost.  This 3G phone offers all the familiar features and includes international 

roaming. 

 

Satellite technologies 

 

Satellite growth has surpassed the highest expectations of only a few years ago.  The reason is 

simple; cost.  Previously, relaying information, data, and other related materials were cumbersome 

and required many relay stations in very specific locations and relatively close together.  Initially 

satellite use was expensive because of the rarity and limited amount of available airtime needed.  

With the deployment of additional satellites, along with advancing technologies which allow more 

usage of the same amount of bandwidth, satellite airtime has become more affordable.  Competition 

always holds down cost, and that is what has occurred.  In addition, satellite services are in the early 

stages of designing more localized networks; contributing to the already rapid growth.     

 

Satellite technology has its limitations, which are all based on the Laws of Physics. Some licensees 

of satellite services such as XM Radio and satellite telephone services have petitioned the FCC to 

allow additional deployment of land-based supplemental transmission relay stations for the ability to 

compete more aggressively with existing ground-base services.  Subscribers found the delay in talk 

times unacceptable along with fade and signal dropout.  The FCC is looking favorably upon this 

request, even though the existing land-based services are strongly objecting for various reasons.  XM 

Radio has been successful in getting ground-base supplemental transmitters, and has become one of 
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the largest users of ground-base transmitters.  This will place more demands on governmental 

agencies as another service begins to construct a land-based infrastructure. 

 

Enhanced Specialized Mobile Radio (ESMR) 

 

Enhanced Specialized Mobile Radio (ESMR) systems are two way radios systems (similar to 

walkie-talkies) whereby two or more handsets are linked together by a single repeater.  Digital 

networks offer voice, data, messaging, and dispatch on one handheld unit similar to most wireless 

handsets.  The technology used for ESMR networks has been problematic to adjacent frequency 

channels used by other service providers through no fault of the service provider in most situations.  

In order to reduce any potential for future interference issues, ESMR network operators successfully 

petitioned the FCC to shift frequencies from the 800 MHz and 900 MHz band to the 2500 MHz 

band.  Once again this frequency shift will cause the need for additional support structures and create 

additional impacts to local governments. 

 

The FCC announced it would permit the phasing out of analog compatibility requirements for 

cellular phones by the year 2008.  The FCCôs action still allows providers the option to continue 

analog services as needed to meet customer needs. According to the International Association for the 

Wireless Telecommunications Industry (CTIA) about 85 percent of all wireless subscribers are 

presently using digital technology, and wireless users generally replace their phones every 18 

months.  Thus, this phase out period is more than ample time to migrate the remaining analog users 

to digital, which also has the added benefit of increasing cell site capacity, as a single analog channel 

can be converted to multiple digital channels. 

 

Third, fourth and fifth generations of wireless deployment will bring the next phases of wireless 

technology and place great demands on network capacity.  With voice, text, digital music, digital 

video, GPS and data all competing for spectrum space, providers will need to maximize their 

spectrum allocations by creating more compact base station facilities at closer intervals. 
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Chapter 2 Wireless Technical Issues 
 

Brief overview 
 

Cellular and PCS wireless providers attain service coverage through a network of ground equipment 

base stations and elevated antennas located on towers, water tanks, buildings or other similar 

elevated structures.  The height and location of the elevated antenna platform on the elevated 

structure is critical to two aspects of radio frequency (RF) engineering, coverage and capacity.  

Generally, the higher the antenna is mounted on the support structure, the larger the geographic area 

that will be served by the wireless signal.  However, each facility has network capacity limitations 

that are becoming more apparent in some of the older, 800 MHz cellular operators such as Cingular 

(formerly BellSouth Mobility and AT&T Wireless Services), Verizon, and Nextel.  Base stations 

located in geographic areas where wireless subscribers are significant and the usage of airtime 

minutes is higher, operate at maximum capacity, and on some occasions are over-capacity, causing 

busy signals and direct-to-message incoming calls for many subscribers.  To help remedy this 

situation, smaller antenna configurations and/or the antenna heights are mounted at lower elevations 

than would be necessary for coverage.   This is defined as ñcapacityò planning. 

 

The second engineering issue concerns the relationship between tower location and frequency 

planning.  Cellular and PCS wireless providers carefully choose the frequencies deployed at each 

base station to avoid mutual interference.  Rules of frequency planning require a certain physical 

distance between base stations to minimize this interference.  Slightly different considerations apply 

to some PCS providers using code division multiple access (CDMA) technology (Sprint PCS and 

Verizon).  In a CDMA system, all base stations in a coverage area use the same, or a very limited set 

of several frequencies.  However, wireless service customers experience interference from other 

subscribers and from signals from other base stations when subscriber usage increases.  Avoidance 

of this interference requires precision of the antenna locations. 

 

As demonstrated in Figure 6, base station network design is founded on the principles of a grid 

system that is maintained by each wireless providerôs engineering department. The hexagonal cells 

on the grid represent the radius equal to the proposed cellsô coverage area.  Common points of 

adjoining hexagons pinpoint the theoretical perfect location for a prospective new base station.  For 

these reasons, deviation from these specified locations can significantly affect the wireless 

providerôs deployment network.   



   

23 

 

 
"Most people see the cell as the blue hexagon, being defined by the tower in the center, with the antennas pointing 
in the directions indicated by the arrows. In reality, the cell is the red hexagon; with the towers at the cornerséthe 
confusion comes from not realizing that a cell is a geographic area, not a point.ò  

                

(Courtesy of Tom Farley http://www.telecomwriting.com/index.html) 

Figure 6: Network Grid  

 

Search area within proposed coverage areas 

 

The search area for new wireless infrastructure is ideally specified in a document provided to site 

search consultants in pursuit of a lease for property on which to place their facilities, whether a new 

tower, a rooftop or some other existing structure that could accommodate wireless antennas.  From 

an engineering perspective, any location within the proposed search area is considered to be 

acceptable for the provider, with certain considerations based on terrain and sometimes population 

balance.   

 

Search area radii 

 

Search areas for the 800 MHz (cellular and ESMR) frequencies and 1900 MHz (PCS) frequencies 

are computed in Tables 1 and 2 below.  The tables utilize the ñOkumura-Hataò propagation path loss 

formula for 800 MHz, and the ñCOST-231ò formula for 1900 MHz.  Maximum coverage radii for 

typical in-vehicle coverage is calculated for various tower heights, and is de-rated by 20 percent to 

account for a reasonable handoff zone, then divided by four to obtain a search area radius for each 

tower height.  Thus, for an 800 MHz antenna mounted at the 100-foot elevation, the search area 

would have a radius of 0.72 miles, and 0.36 miles for 1900 MHz, again sometimes more restrictive 

due to terrain.    
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Okumura-Hata Coverage Predictions 

Antenna mounting height 50ô 80ô 100ô 115ô 150ô 180ô 

Radius, miles 2.53 3.20 3.60 3.88 3.91 4.40 

Allow for handoff 2.03 2.56 2.88 3.10 3.60 4.00 

Search area, miles 0.51 0.64 0.72 0.78 0.90 1.00 

 

Table 1: Okumura-Hata Coverage Predictions for 800 MHz 

 

COST 231 Coverage Predictions 

Antenna mounting height 50ô 80ô 100ô 115ô 150ô 180ô 

Radius, miles 1.33 1.64 1.82 1.95 2.32 2.45 

Allow for handoff 1.07 1.31 1.46 1.56 1.79 1.96 

Search area, miles 0.27 0.33 0.36 0.39 0.45 0.49 

 

Table 2: COST 231 Coverage Predictions for 1900 MHz 

 

Wireless telephone search areas are usually circles of approximately one-quarter the radius of the 

proposed cell.  In practice it is fairly simple to determine whether the search area radius is 

reasonable.  The distance from the closest existing site is determined, halved, and a handoff overlap 

of about 20 percent is added.  One fourth of this distance is the search area radius. 

   

Tower height and antenna mounting elevation considerations 

 

Taller structures (towers, rooftops, and water tanks) may offer more opportunity for colocation, 

which could theoretically decrease the number of additional towers and antennas required in an area. 

The extent to which height may increase colocation opportunities must be verified by an RF 

engineering review on a case-by-case basis.  Where there is high customer telephone usage or terrain 

concerns, the build-out plans for some areas may require very low antenna location heights, 

especially in densely populated areas.  Antennas located at a higher level on a facility are more 

attractive in some rural areas, but in many cases, the wireless providers seek to limit the height in 

more populous areas.  Thus, wireless providers may need differing heights on a single tower, 

reducing the potential for interference, both between the same provider and a competing wireless 

provider. 

 

Global System for Mobile Communications  

 

Wireless providers are presently deploying new technology equipment in the United States to 

support data services over the wireless interface.  One such example of this type of deployment has 

been a Global System for Mobile Communications (GSM) overlay on top of existing facilities, in 

recognition of GSM's data-handling capability.  In certain cases, the GSM overlay is on 1900 MHz, 

where signals only cover about half the distance of the existing system, implying more wireless 

facility locations will be required to meet coverage and network capacity objectives.  
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Chapter 3 Master Plan Engineering Analysis 

 

Plan design process 
 

This Master Plan evaluates the County for future wireless facility deployments.  This is 

accomplished by: 

 Designing an engineered search radii template and applying it over the jurisdictional 

boundary of the County to evaluate theoretical build-out conditions. 

 Researching the inventory of existing antenna-supporting structures and buildings, and 

evaluating designated public lands as potential sites for wireless facilities.  

 Designing an engineered search radii template and applying it over the boundary of the 

County to evaluate existing build-out conditions. 

 Providing an engineering analysis of existing coverage based on the inventory and regulatory 

height restrictions in the County. 

 

Basic coverage predictions and wireless coverage handoff 

 

At the onset of this project CityScape was asked to illustrate the greatest coverage to the entire 

County with the fewest total number of towers.  To accomplish this task, CityScape has created a 

series of root mean square (RMS) theoretical coverage and handoff maps by randomly selecting 

existing antenna locations throughout the County to demonstrate how many base station locations it 

would require for one provider to provide complete coverage countywide.  Based on recently 

approved tower heights through the Conditional Use Permit approval process CityScape has chose to 

use 200 feet for the initial theoretical Master Plan maps.   

 

According to the Okumura-Hata propagation path loss formula coverage for 800 MHz tables in 

Chapter 2, a reasonable coverage area for an antenna mounted at 200 feet for cellular deployment on 

flat terrain is 4.8 miles.  Figure 7 illustrates how the use of nine locations within the County could 

provide coverage to the entire geographic area. These sites represent a theoretical build-out for 

antennas mounted at the 200-foot elevation at equal dispersion, in a perfect radio frequency 

environment, with no consideration of adjacent community wireless deployment for a single cellular 

provider, and excluding topographic and population variables. The smaller circles shown within the 

larger circles represent the limits of the search area for locating the tower.  Although nine cells cover 

the vast majority of the County for one provider, this does not include the concept of capacity or 

terrain concerns.   

 

Referring to the ñCOST-231ò formula for 1900 MHz coverage tables in Chapter 2, a reasonable 

coverage area for an antenna mounted at 200 feet for a PCS site on flat terrain is 2.72 miles.  Figure 

8 demonstrates that it would take approximately 36 facilities to cover the same geographic area as in 

Figure 7.  These sites represent a theoretical build-out of antenna mounted at the 200-foot elevation 

at equal dispersion for one PCS provider; again with no consideration of terrain, demographic, or 

zoning variables. 
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Figure 7: RMS 800 MHz Handoff �D�Q�G���6�H�D�U�F�K���$�U�H�D�V���D�W���������¶���$�Q�W�H�Q�Q�D���(�O�H�Y�D�W�L�R�Q�V 


